INTRODUCTION
The National Aeronautics and Space Administration (NASA) operates a network of satellite ground stations, the Near Earth Network (NEN), to provide tracking, communications, and data system services to its satellite customers. Among the various NEN stations many are geographically remote, including the McMurdo Ground Station (MGS) at McMurdo Station, Antarctica. MGS is operated to facilitate scientific data transfers for polar orbiting satellites. The extreme weather conditions at McMurdo Station, the temporary inaccessibility of some of the ground station facilities, and the semi-annual inaccessibility of the McMurdo Station itself for several months of the year, pose an interesting and difficult challenge to logistics and maintenance activities. This paper presents a method and the results of the development of the statistical distributions for local accessibility based on local weather data, and a second distribution for the logistics for spare items that can only be supplied during the Antarctic summer. The effects of these variations on the overall availability for the MGS station are also estimated using an availability model of McMurdo built in a commercial software package. The utility of these methodologies is shown and these techniques can be adapted to availability estimates for other remote locations. NASA is operating year round the satellite ground station consisting of Joint System Operations Center (JSOC) in a building in the center of town together with the Transmission Antenna inside a radome (White Dome) with an adjacent support building (Building 71) housing electronic equipment on top of one of the hills about 2 miles from the center of town.
McMurdo Ground Station
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SIMULATION TOOLS
ReliaSoft's BlockSim [1] availability modeling software was used to create a Reliability Block Diagram (RBD) of the McMurdo Ground Station. Throughout the modeling program, the user has the choice between a variety of commonly used statistical distributions (Exponential, Lognormal, etc.) as well as a weighted composite of up to four 2-parameter Weibull distributions for failure rates, repair rates, restocking rates, and repair crew availability rates. 
Winter Closure of McMurdo Station
The supply logistics was approximated using the simulation software feature that allows for four weighted 2-parameter Weibull distributions as input to reliability and logistics data.
It was assumed that for about half a year during the Antarctic summer, spare parts can be transported to McMurdo Station by plane within 504 hours (21 days). This scenario was modeled with a Weibull Distribution with a shape parameter β = 7 scale parameter η =480 hours. Since this scenario is valid for approximately half of the year, it was weighted with 0.49. It was assumed that during Antarctic winter closure, the probability density for the wait time to provide spares is constant from 0 hours to ~ 4380 hours ≈ 6 months Thus, the remaining three Weibull distributions were equally weighted with 0.17 and the shape and scale parameters manually manipulated to achieve a constant probability of an event to fall within the half of the year of winter closure with a roll off beginning at 3500 hours (see Figure 4 ). The combined weighted cumulative probability distribution reaches 98% within 6 months or 4380 hours 
Local Weather Conditions
The 
Thus, a travel restriction distribution was created based on the weather records. This travel restriction distribution was then used as repair crew availability in the availability analysis. 
Conditions within McMurdo Station town

Conditions of access to Antenna Site and Building 71
For Building 71 with the designation NZDT, weather data were available from 2002 to 2009 from the AMRC and AWS website [4] at. Again, for most of the years data was stored in two different formats for different periods of the year, complicating the analysis. Only for most of 2007, data was stored in the same format, as a text file for each day of the year with a record for each minute.
McMurdo / Building 71 weather data analysis
With the lesser impact of severe weather condition on moving inside town compared to travel up to the Radome together with the fact that the JSOC at McMurdo Station is being manned by operations personnel (which could repair a failed item in some cases of a weather condition 1), the travel restriction analysis and weather analysis was limited to the Radome / Building 71.
A data sheet was assembled containing the time stamp, wind velocity and wind gust velocity in knots and miles per hour (mph), ambient pressure in mbar, and inside and outside temperature in °F and °C. Wind Chill was calculated using [5] Wind Chill = 35.74+0.6215T+35.75V 0.16 +0.4275TV 0.16 (1) where T = temperature in Formula in °F, V = wind velocity in mph, and the resulting Wind Chill is in °F.
Figure 6: Histogram of weather induced travel restriction to Radome and Building 71 due to weather conditions 1 and 2 with approximated probability distribution (red) (left axis). The Cumulative Distribution Function with approximation is also shown (right axis).
The wind velocity and the wind chill data for each data entry were evaluated for their impact on the weather condition. Visibility data was not available and thus not taken into account. Weather condition 2 or 1 in either field, wind chill or wind velocity was assumed to result in an inaccessibility of the Radome for the following six hours. During an arctic winter storm, this could result in continuous travel restrictions for several days. All closure events would then be binned and a cumulative closure distribution created, as shown in Figure 6 . The Cumulative Distribution Function for the weather induced travel restrictions was manually approximated with a Weibull Distribution with a shape parameter β = 1.25 and a scale parameter η =30 hours. This distribution was used as crew availability for repairs at the Radome and in Building 71.
Availability Analysis based on BlockSim
A Reliability Block Diagram was created from the system architecture diagram provided by the Implementation Contractor and the Operations and Maintenance Contractor. Failure rates were supplied by the Operations and Maintenance Contractor as well as the Implementation Contractor. The failure and repair distributions were assumed to be exponential. The failure rates were based on MIL-HDBK-217 [6] , field data of identical or similar items or engineering estimates. The repair times were based on engineering estimates. The on-site sparing was retrieved from the initial sparing plan. The weighted 4 factor Weibull distribution was used for the restock probability distribution for McMurdo Ground Station equipment, the repair crew availability at Building 71 was modeled with the Weibull Distribution based on the weather induced travel restrictions. For the availability simulations, Preventive Maintenance as well as electrical power outages were not taken into account. The system was modeled for the design life of 10 years = 87600 hours.
RESULTS
Based on the above mentioned assumptions, the mean availability of the McMurdo Ground Station system was 89% for the 10 year design life. The Reliasoft BlockSim outputs contain the Block Failure Criticality list and the Block Downtime Ranking list. The Block Failure Criticality list sorts the blocks used in the model according to their percentage causing a system failure, and the Block Downtime Ranking according to the percentage of the system downtime the block causes. While the first one is a good measure of the reliability of the system blocks, the latter one is a measure for the system unavailability due to a specific block's failure. Table 2 shows block downtime ranking. During the 10 year life of the system, each of the S-Band Tracking Receivers with around 900 hours block downtime is responsible for about 10% of the total system downtime, and the X-Band tracking receiver with about 600 hours for about 7%. The initial sparing plan included one S-Band Tracking receiver spare and one X-Band tracking receiver spare at McMurdo Station. Figure 7 shows an example of one run of the Monte-Carlo simulation for the system downtime due to outage of the SBand PCI Tracking Receivers required for the two polarizations of the signal and the X-Band PCI Tracking Receiver. During the 10 year life, major downtime is incurred when both S-Band receivers fail in short succession (first outage) or when one receiver and subsequently the replacement spare fail (second outage). As can be seen in this trial, there can be long periods of up to two years without any failure in the S-Band tracking receivers. Also in this run, the X-Band tracking receiver does not contribute to major downtime of the system.
An updated sparing plan with additional spares is being considered which increases the simulated availability to about 96%, a 7% percent increase.
